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Standard of Learning A.F.2
Strand: Functions
Standard of Learning A.F.2
The student will investigate, analyze, and compare characteristics of functions, including quadratic, and exponential functions, and model quadratic and exponential relationships.	
Students will demonstrate the following Knowledge and Skills:
a) Determine whether a relation, represented by a set of ordered pairs, a table, a mapping, or a graph is a function; for relations that are functions, determine the domain and range.
b) Given an equation or graph, determine key characteristics of a quadratic function including x-intercepts (zeros), y-intercept, vertex (maximum or minimum), and domain and range (including when restricted by context); interpret key characteristics as related to contextual situations, where applicable.
c) [bookmark: _Hlk143455707]Graph a quadratic function, f(x), in two variables using a variety of strategies, including transformations f(x) + k and kf(x), where k is limited to rational values.
d) Make connections between the algebraic (standard and factored forms) and graphical representation of a quadratic function.
e) Given an equation or graph of an exponential function in the form y = abx (where b is limited to a natural number), interpret key characteristics, including y-intercepts and domain and range; interpret key characteristics as related to contextual situations, where applicable.
f) Graph an exponential function, f(x), in two variables using a variety of strategies, including transformations f(x) + k and kf(x), where k is limited to rational values.
g) For any value, x, in the domain of f, determine f(x) of a quadratic or exponential function. Determine x given any value f(x) in the range of f of a quadratic function. Explain the meaning of x and f(x) in context.
h) Compare and contrast the key characteristics of linear functions (f(x) = x), quadratic functions (f(x) = x2), and exponential functions (f(x) = bx) using tables and graphs.
Just in Time Quick Check
Just in Time Quick Check Teacher Notes
Supporting and Prerequisite SOL: 8.PFA.2, A.F.1


[bookmark: _Just_in_Time]Just in Time Quick Check A.F.2
1. Given the following graph:
a) What appears to be the factors of this function?
b) Write the standard form of the equation represented by the graph below. 
c) Use the quadratic formula to verify the solutions.








2. Circle the tables that represent y as a function of x.  
	[image: Table
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3. Relation K is shown below. Does Relation K represent y as a function of x? Explain why or why not.

[image: Diagram

AI-generated content may be incorrect.]
4. Six points of a relation are shown. Remove one point on the graph so that the resulting relation represents y as a function of x.
[image: ]
5. What are all the values of x that would result in this relation NOT representing y as a function of x?
[bookmark: _heading=h.1fob9te]	


6. Use the graph of the quadratic function below to identify the following characteristics.
[image: Chart, line chart
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a) x-intercepts (zeros): 
b) y-intercepts:
c) Vertex: 
d) Is the vertex a maximum or minimum? 
e) Domain: 
f) Range: 

7. Sketch the graph of Then, find the following characteristics. 
[image: ]
a) y-intercept:
b) Domain: 
c) Range:       
8. Use the table below to evaluate the function, f(x) = , for the domain {-2, -1, 0, 1, 2, 3}. 
As the values in the domain increase, how do the values in the range change? Verify your answer by sketching the graph the function.  
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9. Sketch the graphs of . Then answer the questions below. 
[image: ]
a) What transformation occurs between the graphs of andHow does this transformation affect the position of the parabola?
b) Graph on the same coordinate plane. Describe what happened to the graph. 
c) What happens to the graph of when it is multiplied by a positive rational number between 0 and 1?





10. A firefighter wants to put out a house fire and wants to know the highest point the water stream can reach.  The height h(t) in feet of water after t seconds is modeled using the 
equation 
a) When does the water reach its maximum height?
b) What is the maximum height the water reaches?
c) At what time is the water at the height of 20 feet?





11. The table below shows the population of a small town in Virginia. Let t = 0 correspond to the year 2022.  
	Year
(t)
	Population

	0
	1000

	2
	1300

	3
	1450

	5
	1750

	6
	1900







a) Graph the data.  
b) Does the graph suggest a linear, exponential, or quadratic model?
c) Write an equation to model the data.
d) Use the equation found in part c) to predict the population of the small town in 2029.


12. Use the linear function  the quadratic function and the exponential function to:
a) Complete the table for the given values of the domain {-2, -1, 0, 1, 2}. Write each solution as an ordered pair (x, f(x)).
b) Graph all three functions on the same coordinate plane.
c) Compare and contrast the functions by describing:
i) The shape of each graph
ii) How the function values change as x increases
iii) What point(s) do the quadratic and linear functions intersect (if any)?
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A.F.2 Just in Time Quick Check Teacher Notes
Common Errors/Misconceptions and their Possible Indications
1. Given the following graph:
a) What appears to be the factors of this function?
b) Write the standard form of the equation represented by the graph below. 
c) Use the quadratic formula to verify the solutions.






A common error students may make is to confuse the intercepts with the factors and write
(x - 5)(x + 2). This may indicate students do not fully understand the connection between the factors, intercepts, and the graph. Using technology such as Desmos to investigate the connection between the intercepts and factors may help the student to develop a deeper conceptual understanding. Additionally, when students are asked to write the equation given a graph in standard form, they may confuse the standard form of an equation  with point-slope form . Students may incorrectly identify the factors or find the correct factors but incorrectly multiply them resulting in an incorrect representation of standard form. After expanding and writing the equation in standard form students may forget to verify their solutions by substituting the roots back into the factors to determine if 


2. Circle the tables that represent y as a function of x.  
	[image: Table

AI-generated content may be incorrect.]
A common error students may make is to select the tables where the y-value repeats. This may indicate that students do not understand the definition of a function. The teacher should review mathematical vocabulary of “y as a function of x” and input/output. Additionally, it may be beneficial for students to graph the points from each table, with or without the use of technology. This can provide a visual to support students’ understanding of what it means when the x-values repeat and what it means when the y-values repeat, helping students to determine if the points in each table represent a function.  


3. Relation K is shown below. Does Relation K represent y as a function of x? Explain why or why not.
[image: Diagram

AI-generated content may be incorrect.]
A common error students may make is to say the relation is a function because the x-value repeats. This indicates the student has a misconception of the definition of a function. The teacher should reinforce why the inputs cannot repeat for a relation to be a function using multiple representations and counterexamples. One strategy is to list the ordered pairs shown as a table or set of ordered pairs and then create a graph. This will demonstrate the relationship between the input and output in the mapping. 

4. Six points of a relation are shown. Remove one point on the graph so that the resulting relation represents y as a function of x.
[image: ]
A common error students may make is to remove either (-2, 2) or (4, 2) because they lie on the same horizontal line. This indicates that a student thinks a relation is a function when two ordered pairs cannot lie on the same horizontal line rather than a vertical line. The teacher should make sure the student understands ordered pairs and that the x-coordinate comes first. Writing out the graphed coordinates as a table or set of ordered pairs may help make this connection with functions. The vertical line test can be used to verify the resulting relation represents y as a function of x. 

5. What are all the values of x that would result in this relation NOT representing y as a function of x?
	
 A common error students may make is to list the range values of -2, 2, 3, and 5. This indicates a misconception of the definition of a function. One strategy would be to have the student graph each ordered pair in Desmos and use the slider feature to help the student visualize what happens to the relation as any value is put in place of the missing value. Also, highlighting the x-values may help students organize the information provided in the list.

6. Use the graph of the quadratic function below to identify the following characteristics.
[image: Chart, line chart
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a) x-intercepts (zeros): 
b) y-intercepts:
c) Vertex: 
d) Is the vertex a maximum or minimum? 
e) Domain: 
f) Range: 
Common errors students may make when identifying the characteristics of a quadratic function's graph include confusing the x-intercepts and y-intercepts. They may also mistakenly believe that the vertex is where the graph crosses the axes, not realizing that the vertex represents the highest or lowest point of the parabola. While this example asks students to find the vertex from a graph, when given a quadratic in standard form + bx + c, students sometimes incorrectly apply the formula for the vertex x =. Additionally, as it relates to domain and range students tend to focus on the intercepts and vertex, overlooking that the domain of a quadratic function is all real numbers and that its range depends on whether the parabola opens upward or downward.


7. Sketch the graph of  Then, find the following characteristics. 
[image: ]
a) y-intercept:
b) Domain: 
c) Range:       
Common errors students may make when graphing exponential functions include confusing exponential growth or decay with linear or quadratic functions, which often leads to incorrect interpretations of the graph or function. Students may also forget the y-intercept occurs at x = 0. Additionally, they sometimes incorrectly state the domain or range. The domain of an exponential function is all real numbers, while the range depends on the value of (a) and any vertical shifts. Teachers can support student learning by using visual aids and graphing tools to display multiple exponential functions with different bases and transformations, combined with clear verbal explanations to deepen understanding. Encouraging students to predict how the graph will look based on given parameters will also enhance students’ ability to better understand characteristics of exponential functions.





8. Use the table below to evaluate the function, f(x) = , for the domain {-2, -1, 0, 1, 2, 3}. 
As the values in the domain increase, how do the values in the range change? Verify your answer by sketching the graph the function.  
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[image: ]
Common errors students may make when evaluating this exponential function include forgetting to multiply   by 3 or incorrectly substituting domain values into the function f(x) =  . Additionally, students may struggle to identify whether the function is increasing or decreasing and often need support understanding that as x increases, f(x) also increases in this example. Teachers can assist by using graphing technology to reinforce the shapes of exponential curves, helping students connect their calculations with the visual representation of the function. Providing additional practice with domains that include negative, zero, and positive x values is also important. Contextual examples involving growth and decay can further deepen students' understanding of exponential functions. To help deepen student understanding, teachers should ask questions such as: “What happens to f(x) when x becomes smaller or negative?” and “Why does the graph never touch the x-axis?”




9. Sketch the graphs of . Then answer the questions below. 
[image: ]
a) What transformation occurs between the graphs of  How does this transformation affect the position of the parabola?
b) Graph on the same coordinate plane. Describe what happened to the graph. 
c) What happens to the graph of when it is multiplied by a positive rational number between 0 and 1?
A common error students make when graphing and is they often do not understand what happens when adding or subtracting a number to the original function  Students may confuse the transformation of the graph thinking the graph of  shifts the graph left or right instead of shifting the graph down.  When describing what happened to the graph of when is graphed on the same coordinate plane, students may think the graph of will shift or believe the parabola will become wider instead of narrower. As it relates to explaining what happens to the graph of when multiplied by a positive rational number between 0 and 1, students may assume the graph will shift its position instead of changing shape or believe the graph will become narrower instead of wider. Teachers can help by providing additional practices that allow students to compare various transformations of graphs and the effect each transformation has on its related graph.  
10. A firefighter wants to put out a house fire and wants to know the highest point the water stream can     reach. The height h(t) in feet of water after t seconds is modeled using the equation 
a) When does the water reach its maximum height?
b) What is the maximum height the water reaches?
c) At what time is the water at the height of 20 feet?
A common error students may make when identifying the maximum height of a quadratic function is they may incorrectly apply the vertex formula x = by using the wrong signs or incorrectly identifying the values of a and b. The maximum height of the water depends on whichproduces a quadratic model shaping the parabola determining the maximum height. Many students may not comprehend the meaning of negative time and negative height by thinking negative time or height values are valid solutions. Teachers can help by discussing domain restrictions as it relates to time and height where t  and discuss what negative values mean and use real-world examples to help increase students understanding of projectile motion. Teachers should also encourage students to check their solutions for reasonableness and discuss why negative times and heights are not appropriate solutions for the given scenario. 

11. The table below shows the population of a small town in Virginia. Let t = 0 correspond to the year 2022.  
	Year
(t)
	Population

	0
	1000

	2
	1300

	3
	1450

	5
	1750

	6
	1900








a) Graph the data.  
b) Does the graph suggest a linear, exponential, or quadratic model?
c) Write an equation to model the data.
d) Use the equation found in part c) to predict the population of the small town in 2029.
A common error students make is misinterpreting the shape of the graph, often identifying a slightly curved graph as exponential when the graph may be linear or quadratic. They may also make calculation mistakes when substituting values to predict the population in 2029 or make predictions beyond the given data without recognizing the trends and limitations of the dataset. Teachers can support students by encouraging them to carefully analyze the table before graphing, paying close attention to patterns and constraints. Teachers should prompt students to make predictions based on their models and then justify these predictions using the existing data. Additionally, having students explain their reasoning to peers who use different modeling approaches fosters deeper understanding. Asking guiding questions can further help students connect data points and improve their ability to make accurate predictions.
12. Use the linear function  the quadratic function , and the exponential function to:
a) Complete the table for the given values of the domain {-2, -1, 0, 1, 2}. Write each solution as an ordered pair (x, f(x)).
b) Graph all three functions on the same coordinate plane.
c) Compare and contrast the functions by describing:
i) The shape of each graph
ii) How the function values change when x increases
iii) What point(s)do the quadratic and linear functions intersect (if any)?
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Common misconceptions students make when comparing quadratic and exponential graphs is they think quadratic and exponential functions grow at the same rate or students assume exponential functions increase like linear functions. Students may also miscalculate function values or misinterpret the graphs of each function by not recognizing the key features of the graphs. Teachers can help by providing additional practices with visual aids and real-world examples that demonstrate linear functions grow by constant amounts, quadratic functions grow by increasing amounts, and exponential functions grow by constant factors. 
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